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STATEMENT OF GOVERNMENT INTEREST 
and Q-switched modes, the laser achieves improved perfor- 
mance, reduced threshold and reduced upconversion losses 
in comparison to the Ho:Tm:Cr:YAG laser. 
5 BRIEF DESCRIPTION OF THE DRAWINGS This invention was made with Government support under 
contract NAS1-19603 awarded by NASA. The Government 
has certain rights in this invention. 
FIG. 1 is a schematic of the flashlamp-pumped Ho:Tm- 
:Cr:LuAG laser according to the present invention; 
FIG. 2 is a graph comparing the inverse of the lifetime 
CRoSS-REFERENCE To RELATED io measurements of the Ho:Tm:Cr:LuAG and Ho:Tm:Cr:YAG 
APPLICATIONS laser materials; 
This patent application is related to co-pending patent 
application entifled “QUASI FOm-LEVEL Tm:LuAGLA- 
SER”, Ser. No. 08/593,438, filed on Jan. 28, 1986. 
FIG. 3 is a graph comparing the required threshold 
FIG. 4 is a graph comparing laser performance of the 
l5 Ho:Tm:Cr:LuAG and Ho:Tm:Cr:YAG lasers operating in 
the normal mode; 
FIG. 5 is a schematic of the Ho:Tm:Cr:LuAG laser with 
the addition of a Q-switch to achieve giant pulse operation; 
FIG. 6 is a graph comparing laser performance of the 
Ho:Tm:Cr:LuAG and Ho:Tm:Cr:YAG lasers operating in 
the Q-switched mode. 
energies for Ho:Tm:Cr:LuAG and Ho:Tm:Cr:YAG; 
FCIELD OF THE INVENTION 
ne invention relates generally to lasers, and par- 
ticularly to quasi four-level lasers operating at room tern- 
perature in the 2 pm wavelength region. 20 and 
BACKGROUND OF THE! INVENTION 
Quasi four-level solid-state lasers ouerating in the 2 urn - I 
DETAILED DESCRIPTION OF THE 
INVENTION 
wavelength region are used for sensing wind velocity, as 25 
optical pumps for mid-infrared parametric oscillators, for 
remote sensing of water vapor or carbon dioxide, for medi- 
Accordingly, it is an object of the present invention to 
provide a quasi four-level laser that operates at room tem- 
perature and has a reduced threshold for laser action. 
Another object of the present invention is to provide a 
quasi four-level laser that operates at room temperature and 
decreases upconversion losses. 
become more obvious hereinafter in the specification and 
drawings. 
In accordance with the present invention, a solid-state 
laser has a laser cavity defined by reflective elements aligned 
on a common axis to form a reflective path therebetween. A 60 
laser crystal is disposed in the laser cavity along the common 
axis. The laser crystal has a LuAG host material doped with 
a concentration of about 0.35% Ho ions, about 5.57% Tm 
ions and at least about 1.01% Cr ions. A broadband ener- 
gizing source such as a flashlamp is disposed transversely to 65 
the laser crystal to energize the Ho ions, Tm ions and Cr 
ions. In operation at room temperature in both the normal 
50 
Other objects and advantages of the present invention will 55 
Cooling means are generally provided to cool laser rod 12 
during operation of laser 10. For example, a glass sleeve or 
jacket 20 can encase laser rod 12 such that a gap 22 is 
formed about laser rod 12. A coolant, represented by arrows 
24, is pumped through gap 22 and contacts laser rod 12. In 
terms of the present invention, laser rod 12 need only be 
maintained at room temperature between about 15” C. and 
about 21” C. Accordingly, coolant 24 can simply be main- 
tained at room temperature as it flow around laser rod 12. 
Laser rod 12 is a crystal laser material having a host 
material of lutetium aluminum garnet (LuAG) that is doped 
with holmium (Ho) ions, thulium (Tm) ions and chromium 
(Cr) ions. More specifically, the LuAG host material in laser 
rod 12 of the present invention is doped with concentrations 
of about 0.35% Ho ions, about 5.57% Tm ions and at least 
about 1.01% Cr ions. The percent concentrations are defined 
herein as the percent of the particular doping ions that are 
measured as being present in the laser material. Measure- 
ment of such concentrations can be accomplished spectro- 
photometrically as is known in the art. 
5,610,933 
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To illustrate the advantages of the present invention, a bands, centered near 0.42-0.43 and 0.59-0.60 p can be 
Ho:Tm:Cr:LuAG laser rod was fabricated and tested in easily identified. Absorption spectra of Ho:Tm:Cr:LuAG 
laser set-up. The percent concentrations for the Ho:Tm- this material resulted in a laser rod where the cr concen- 
:Cr:YAG material were 0.36% Ho ions, 6% Tm ions and 5 tration of l.ol% was low. Spectroscopic were 
available from the same boules from which the laser rods 0.85% Cr ions to yield the same number density of Ho and Tm ions in both materials. Both laser materials were fabri- 
cated into 5.0 mrn diameter laser rods. The length of the laser were spectra the LuAG and YAG 
rods were 86 mrn for LuAG and 85 for YAG. Since the samples (both about 3.0 mm thick) were taken and corrected 
pumped length of the laser rod in the commercially available 1o for Fresnel ~Osses. BY using n~asured  absorption data, 
laser cavity is only 75 mm, the slightly shorter YAG laser absorption efficiency calculations indicate that the Cr con- 
rod probably has a small advantage. Each of the laser rods centration of the YAG sample is approximately correct for 
was housed in a BaSO, diffusely reflecting cavity which was optimum absorption. Thus, the performance of Ho:Tm- 
flooded with Coolant water maintained at 16" c. A nearly :Cr:YAG is not expected to improve with a variation in the 
Square Pump Pulse with a 500 Psec Pulse length Powered a Cr concentration. However, similar calculations for the 
4.0 bore by 76 IIM arc length flashlamp. While mirrors LuAG material indicated that the Cr concentration of 1.01% 
of various reflectivity were used for mirror 16, mirror 14 had is below the optimum concentration and hat the cr con- 
absorption. Thus, the performance of the Ho:Tm:Cr:LuAG 16 by 0.8 m. 
(as a 20 is expected to further improve as the Cr concentration 
function of the pump energy) indicate that Ho:Tm:Cr:YAG increases about l.ol% to about 1.5%. 
at comparable Performance levels. With the laser rods 
The present invention also exhibits superior performance installed in the pump cavities the lifetime of the Ho 'I7 
could be as a function of the pump in the Q-switched mode. In FIG. 5, laser 11 is a Q-switched 
energy. Data was taken and is in FIG. 2 where curve 25 laser that includes elements that are identical to laser 10 
30 represents data from Ho:Tm:Cr:YAG and curve 32 WG. 1) and further includes Q-switch 28 disposed in 
represents data from Ho:Tm:Cr:LuAG. Plotted in this graph rdkctive Path ax is  100 beh~een laser rod 12 and mirror 16. 
is the inverse of the lifetime, measured from 0.9 to 0.5 of the For purpose of the c o m p ~ s o n  between the above-described 
fluorescence peak, as a function of the pump energy. The Ho:Tm:Cr:LuAG and Ho:Tm:Cr:YAG laser materials, 
initial lifetime of Ho:Tm:Cr:LuAG is longer and the rate of 3o Q-switch 28 was a fused silica acousto-optic Q-switch cut at 
decrease less than that of Ho:Tm:Cr:YAG. That is, the a Brewster's angle. Using 75 W of radio frequency power, 
inverse of the lifetime increases faster for Ho:Tm:Cr:YAG complete extinction was obtained. Q-switching was limited 
than for Ho:Tm:Cr:LuAG. Longer lifetimes for the upper to a single pulse output for all of the experiments by turning 
laser level are beneficid especially for Q-switched opera- the radio frequency power off only long enough for a single 
tion as will be apparent later in the description. Furthermore, 35 pulse to 0ccuT. Before re-pumping of the HO 51, manifold 
the lower dependence of the lifetime on the Pump energy could occur, the radio frequency power was turned on again. 
indicates less upconversion at comparable performance lev- ~ ~ ~ i ~ a l l ~  the Q-switch was turned off for approximately 10 
psec to achieve single pulse operation. As is evidenced from els. 
Normal mode operation was Characterized by measuring the graph of FIG. 6, Q-switched performance of Ho:Tm:Cr- 
laser output energy as a function of the electrical energy and 40 :LuAG exceeded that of Ho:Tm:Cr:YAG where curve 44 
fitting the data to obtain a threshold. Data was taken for both represents the performmce of H ~ : T ~ : c ~ : L ~ A G  and curve 
H0:Tm:Cr:LuAG and Ho:Tm:Cr:YAG with the resulting 46 represents the performance of H~:T~:c~:YAG.  
comparison with a Ho:Tm:Cr:YAG laser rod in the same material described herein indicate that the initial growth of 
a 2'o radius Of curvature and was separated from mirror centration can be increased to about 1.5% for optimum 
Lifetime measurements Of the Ho 'I7 
data curve fit to Obtain the parmeters' 
appear in FIG' tion, under Q-switched operation, the threshold of Ho:Tm- :Cr:LuAG is lower and the slope efficiency is slightly higher as a function Of the negative logarithm Of 
than the corresponding parameters for Ho:Tm:Cr:YAG. the output mirror reflectivity. In FIG. 3, curve 34 represents 45 
More specifically, Ho:Tm:Cr:LuAG had a threshold of 50.4 data from Ho:Tm:Cr:YAG and curve 36 represents data from Ho:Tm:Cr:LuAG. As is readily apparent, the Ho:Tm- 
: c r . y ~ ~  laser. Seen in FIG. 3, the threshold for the had a slope efficiency of 0.0034 versus 0.0032 for Ho:Tm- 
Ho:Tm:Cr:YAG laser material is about a factor of 1.17 50 :Cr:YAG. 
higher than the Ho:Tm:Cr:LuAG laser material of the The advantages of the present invention are numerous. 
present invention. As the mirror reflectivity decreases, that The flashlamp-pumped Ho:Tm:Cr:LuAG laser operates at a 
is, the negative logarithm of the mirror reflectivity increases, low threshold thereby reducing undesirable thermal effects 
threshold of both laser materials increase at nearly the same brought on by higher input energies. The Ho:Tm:Cr:LuAG 
rate. A similar rate of increase is expected since the effective 55 laser material had decreased upconversion losses when 
stimulated emission cross sections of the two laser materials compared with the conventional Ho:Tm:Cr:YAG laser mate- 
are very nearly equal. In the normal mode, performance of rial. Performance of the Ho:Trn:Cr:LuAG laser surpassed 
the Ho:Tm:Cr:LuAG laser was superior to that of the that of the Ho:Tm:Cr:YAG laser for both the normal and 
Ho:Tm:Cr:YAG laser over the range of input energies as is Q-switched modes. Furthermore, all of the improvements 
evidenced by FIG. 4 where curve 40 represents the perfor- 60 are achieved while operating the laser at room temperature. 
mance of Ho:Tm:Cr:LuAG and curve 42 represents the Although the invention has been described relative to a 
performance of Ho:Tm:Cr:YAG. It is also apparent from specific embodiment thereof, there are numerous variations 
FIG. 4 that the slope efficiency of Ho:Tm:Cr:LuAG (0.117) and modifications h a t  will be readily apparent to those 
is better than the slope efficiency of Ho:Tm:Cr:YAG (0.085). skilled in the in light of the above teachings. It is 
Since both LuAG and YAG are optically isotropic mate- 65 therefore to be understood that, within the scope of the 
rials, only a single absorption spectrum is necessary to appended claims, the invention may be practiced other than 
characterize the absorption properties. Strong Cr absorption as specifically described. 
:C~ :L~AG laser has a lower than the H ~ : T ~ -  J versus 55.4 J for Ho:Tm:Cr:YAG, and Ho:Tm:Cr:LuAG 
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What is claimed as new and desired to be secured by 
Letters Patent of the United States is: 
1. A solid-state laser, comprising: 
a laser cavity defined by reflective elements aligned on a 
common axis to form a reflective path therebetween; 
a laser crystal disposed in said laser cavity along said 
common axis, said laser crystal having a LuAG host 
material doped with a concentration of about 0.35% Ho 
ions, about 5.57% Tm ions, and between about 1.01% 10 
and about 1.5% Cr ions; and 
a broadband energizing source disposed transversely to 
said laser crystal for energizing said Ho ions, said Tm 
ions and said Cr ions. 
2. A solid-state laser as in claim 1 wherein said broadband l5 
energizing source is a flashlamp. 
3. A solid-state laser as in claim 1 further comprising a 
Q-switch disposed in said reflective path. 
5 
4. A solid-state laser as in claim 3 wherein said Q-switch 2o 
is a fused silica acousto-optic Q-switch. 
5. A solid-state laser as in claim 1 further comprising 
means for maintaining said laser crystal at room tempera- 
ture. * * * * *  
8. A solid-state laser in claim 6 fufier comprising 
means for maintaining said laser crystal at room tempera- 
ure. 
6 
6 .  A solid-state laser, comprising: 
a laser cavity defined by a first reflective element that is 
completely reflective and a second reflective element 
that is partially transmissive, said first reflective ele- 
ment and said second reflective element being aligned 
on a common axis to form a reflective path therebe- 
tween; 
a laser crystal disposed in said laser cavity along said 
common axis, said laser crystal having a LuAG host 
material doped with a concentration of about 0.35% Ho 
ions, about 5.57% Tm ions, and between about 1.01% 
and about 1.5% Cr ions; 
a Q-switch disposed in said reflective path between said 
laser crystal and said second reflective element; and 
a flashlamp source disposed transversely to said laser 
crystal for energizing said Ho ions, said Tm ions and 
said Cr ions. 
7. A solid-state laser as in claim 6 wherein said Q-switch 
is a fused silica acousto-optic Q-switch. 
